Abstract. This research was aimed to study drying kinetics and determine empirical model of fresh pineapple and pre-treated pineapple with sucrose solution at different concentrations during drying. 3 mm thick samples were immersed into 30, 40 and 50 Brix of sucrose solution before hot air drying at temperatures of 60, 70 and 80°C. The empirical models to predict the drying kinetics were investigated. The results showed that the moisture content decreased when increasing the drying temperatures and times. Increase in sucrose concentration led to longer drying time. According to the statistical values of the highest coefficients (R 2 ), the lowest least of chi-square (χ 2 ) and root mean square error (RMSE), Logarithmic model was the best models for describing the drying behavior of soaked samples into 30, 40 and 50 Brix of sucrose solution.
Introduction
Pineapple (Anana comosus) is a tropical fruit belonging to the Bromeliaceae family, and originated from South America [1] . This fruit has been reported to be low in calories and a source of nutritional components such as fiber, mineral and antioxidants [1] [2] . Pineapple is commonly consumed in a form of fresh product. Nevertheless, it has a short storage life approximately 5 days at 4°C and 1 day at 15°C [3] . Therefore, to extend its shelf life pineapple is usually dried.
Drying is a process to remove moisture content in products to a level at which deterioration from chemical reaction and microorganism are minimized. However, this method involving in high temperatures and times can cause changes in final quality of products when compared to the fresh fruit [4] . To avoid this problem, pre-drying treatments such as addition of sugars are needed for fruit drying in order to the improvement in texture and the stability of the color pigment during storage [5] .
Pre-treatment with sugar solution has been claimed to be very effective for producing high quality dried fruits and vegetable. Since sugar especially non-reducing sugar does not react with amino acids or proteins to cause Maillard reaction, browning and loss of nutrition in products can be eliminated [5] . Giovanna [6] reported that immersing pineapple in 50 Brix of sucrose solution for 30 min protected the color of pineapple during drying at 70, 75 and 80°C.
The objective of this study was to determine kinetic dryings of fresh pineapple and pre-treated pineapple with sucrose solution. Empirical modeling for describing drying behavior of pineapples was also investigated.
Materials and Methods

Experimental material
Fresh pineapple cv. Nanglae were obtained from local market in Chiang Mai. An initial moisture content of pineapple was 80 ± 2% (d.b.), which was determined by drying the fresh pineapple in the electric thermal dryer at 105°C for 24 h until the weight was constant. Each run in the experiment was performed in triplicate.
Sample preparation
The fruits were hand peeled and sliced into a rectangular shape of 5×10 cm and 5 mm thickness. A batch each of 250 g of slices were pre-treated accordingly with sucrose osmosis method by immersing fresh slices into sucrose solution (Food grade of 98% purity) with concentration of 30, 40 and 50 Brix for 30 min. The samples were drained on a screen and reweighed.
Drying experiment
The prepared samples were dried in hot air dryer (Memmert, 500/108I, Germany). Approximately 250 g of the sample was placed as single layer on a perforated tray. The experiments were performed at temperature of 60, 70 and 80 °C. The samples were dried until a final moisture content of less than 18% (d.b.) was reached. During each experiment 3-5 g of the sample was taken out at various intervals to determine its moisture content. The moisture content of the sample was determined using a gravimetric method at 105 °C [7] .
Mathematical modelling
The moisture ratio (MR) of the pineapple was defined as follows [8] :
Where M t , M 0 and M e are the moisture content at any time of drying (kg water/kg dry mass), initial moisture content (kg water/ kg dry mass) and equilibrium moisture content, respectively. The experimental data at different thicknesses of paddy were fitted into 6 thin-layer drying models that commonly used in most food and biological materials ( Table 1) . 
Correlation coefficients and error analyses
The determination of coefficients (R 2 ), reduced chisquare (χ 2 ) and root mean square error (RMSE) were used to evaluate the goodness fit. These parameters were calculated as follows:
Where N is the number of observations, z is the number of constants, MR exp are the experimental and predicted moisture ratios, respectively.
Statistical analysis
The experiments were designed in complete random. The data were subjected to an analysis of variance (ANOVA) and are presented as mean values with standard deviations. Differences between mean values were established using Duncan's multiple range tests. Values were considered at a confidence level of 95%. All statistical analyses were performed using SPSS® software (version 17) (SPSS Inc., Chicago, IL). All experiments were performed in duplicate unless specified otherwise. Fig. 1 shows the drying curves of unpretreated and pretreated with different sucrose concentration samples. The results showed that the drying rates at higher temperatures were higher than those at lower temperatures. This is due to drying at higher temperature led to higher moisture diffusivity values and larger driving force for heat/mass transfer than at lower temperatures. The equilibrium moisture content (EMC) and time needed to dry a sample to the desired moisture content of less than 0.18 g/g dry basis are listed in Table  2 . EMC of the samples were in the range of 0.023-0.141 g/g dry basis. It was also observed that higher concentration of sucrose resulted in longer drying time. 
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Conclusion
The experiments were performed to determine drying characteristics of unpretreated pineapple and pre-treated pineapple with sucrose solution at 30, 40 and 50 Brix. It was evidenced that higher drying temperature resulted in shorter drying time since moisture diffusivity values and larger driving force for heat and mass transfer were larger at higher drying temperatures Increase in sucrose concentration resulted in longer drying time. Different mathematical models were also determined with the drying behavior of pineapples. The results indicated that the Logarithmic model could present better predictions for the moisture transfer than others. Studies on physical and nutritional properties of the pineapple after pretreatment and drying are suggested as a future work.
